OBJECTIVES: Computed tomography (CT) angiography has been widely used for evaluating cardiovascular structures in cardiac surgical patients. The aims of this study were to assess the prevalence of incidental findings (IF) from preoperative thoraco-abdominal multidetector CT (MDCT) angiography, to evaluate their clinical significance, and to elucidate predisposing factors for IF in patients undergoing coronary artery bypass grafting (CABG).
INTRODUCTION
Multidetector computed tomography (MDCT) angiography is currently widely accepted as a valuable method for the comprehensive evaluation of the cardiovascular system because MDCT technology has provided several benefits in clinical applications with 3 fundamental improvements: shorter scan time, extended scan range and improved longitudinal resolution [1] [2] [3] . Additionally, MDCT angiography may reveal clinically significant incidental findings (IFs), which have been reported to be highly prevalent [4] [5] [6] [7] [8] . IFs frequently require clinical or radiological follow-up or additional intervention and may have a significant influence on patient management and outcomes [4] [5] [6] [7] [8] . We have performed preoperative thoraco-abdominal MDCT angiography in patients undergoing coronary artery bypass grafting (CABG) to assess their vascular status from the neck to femoral vessels because they have high atherosclerotic embolic risk. The aims of this study were (i) to assess the prevalence of IFs from preoperative thoraco-abdominal MDCT angiography, (ii) to evaluate their clinical significance and (iii) to elucidate predisposing factors for IF with significance in patients undergoing CABG.
MATERIALS AND METHODS
The study protocol was reviewed by the Institutional Review Board and approved as a minimal-risk retrospective study (Approval No. H-1712-076-905) that did not require individual consent according to the institutional guidelines for consent waiver.
Patients
Of the 456 patients who underwent isolated CABG between January 2014 and December 2016 at our institution, 443 patients (97.1%) who underwent preoperative thoraco-abdominal MDCT angiography were included in this study. The patients were 331 men and 112 women with a mean age of 66.1 ± 10.3 years (range 24-91) at the time of surgery, and 437 patients (98.6%) underwent off-pump CABG (Table 1) . Preoperative MDCT angiography was performed after a referral from the cardiologist, usually 1-2 days after coronary angiography and 1-2 days before the operation. Eight patients did not have thoraco-abdominal MDCT angiography due to an urgent or emergency condition precluding preoperative CT evaluation, and 5 patients who had previously undergone thoracic or abdominal CT did not undergo thoracoabdominal MDCT angiography to avoid repeated CT study. Patients with end-stage renal disease on long-term maintenance dialysis, however, underwent the MDCT angiography evaluation.
Thoraco-abdominal multidetector computed tomography angiography scan protocol
All CT examinations were performed on an MDCT scanner (Somatom Definition; Siemens Medical Solutions, Forchheim, Germany) using the following scan parameters: detector collimation of 64 Â 0.6 mm, gantry rotation time of 0.5 s, pitch value of 1.3, slice thickness of 1 mm and no reconstruction interval. The Xray tube voltage was adjusted at 100 kV, and automatic exposure control (CareDose 4D; Siemens Medical Solutions, Forchheim, Germany) was used with effective quality reference tube currenttime products of 160 mAs. All thin-section axial images were transferred to a workstation (Rapidia; Infinitt, Seoul, Republic of Korea) for imaging analysis.
An 18-or 20-gauge catheter was subsequently placed into the antecubital vein, and 90 ml of non-ionic contrast material containing non-ionic iopromide (Ultravist 370; Schering AG, Berlin, Germany) was injected at a flow rate of 4 ml/s followed by 40 ml of normal saline with the same flow rate using a power injector (EnVision CT; Medical, Indianola, PA, USA). The bolus tracking method was used with a region of interest placed on the ascending aorta. The scans were initiated from a level above 150 Hounsfield units of the region of interest with an 8-s delay. The scan was from the skull base to both femoral heads. Patients were managed by hydration and the use of N-acetylcysteine to reduce the incidence of contrast medium-induced nephropathy.
Analysis of multidetector computed tomography angiography findings and review of clinical data
All thoraco-abdominal MDCT angiography scans were first analysed by 2 experienced radiologists from the cardiovascular section. The overall atherosclerotic status of the vascular structures, including the aorta and its major branches, neck vessels, iliofemoral vessels, subclavian arteries and conduit arteries [both internal thoracic arteries (ITA) and the right gastroepiploic artery], was reported. The atherosclerotic status of the aorta and its major branches was defined in a semi-quantitative manner as mild, moderate and severe. Steno-occlusive status of the neck, subclavian and iliofemoral arteries was defined by the percentage of luminal stenosis as mild stenosis for <50% stenosis and severe stenosis for >70% stenosis. If IFs were observed in locations other than the cardiovascular section, the MDCT angiography images were referred to experienced consultant radiologists of the corresponding field for further analysis. All images were reviewed at specific window settings to analyse each IF most appropriately. We reviewed the medical records of patients to identify their clinical course as well as the therapeutic consequences of IFs.
IF with significance was defined as an IF that affected perioperative management or required additional medical, interventional or surgical treatment during the perioperative period or the postoperative follow-up. Any significant findings already diagnosed preoperatively were excluded from IFs. The decision for additional treatment or the follow-up for IFs was made by experienced physicians of the corresponding field. Any atherosclerotic change of >mild in major vessels was considered atherosclerotic IF with significance, which could affect the operative strategies and perioperative management of the patients. An aortic aneurysm was defined as circumscribed concentric or eccentric widening of the aorta. Dilatation of >5.0 cm diameter in the ascending and descending thoracic aorta or >4.5 cm diameter in the abdominal aorta was defined as a clinically significant finding. Patients with steno-occlusive neck vessels were referred to neurologists or interventional radiologists, and patients with aneurismal change of the aorta and steno-occlusive iliofemoral vessels were referred to vascular surgeons or interventional radiologists for further evaluation. Diagnosis of other benign and malignant lesions was based on the radiologist's interpretation. Patients with other benign or malignant lesions were referred to each specific department.
Statistical analysis
All statistical analyses were performed using the R software package, version 3.3.3 (http://www.R-project.org). To elucidate the predisposing factors for IFs with significance, univariable analyses were performed with the logistic regression model for both categorical and continuous variables. Multivariable analysis was performed using the logistic regression model. Those variables with P-value <0.1 in the univariable analysis were selected for the multivariable analysis. All results were expressed as mean ± standard deviation or as the proportion. A P-value <0.05 was considered to be significant in the multivariable analysis.
RESULTS
Of the 443 patients who underwent preoperative thoracoabdominal MDCT angiography, a total of 995 IFs were found in 384 patients (86.7%). Among those 995 IFs, 292 IFs with clinical significance were revealed in 208 patients (47.0%): 231 atherosclerotic IFs in 176 patients (39.7%) and 61 other miscellaneous IFs in 61 patients (13.8%). Twenty-nine patients had both atherosclerotic and miscellaneous IFs with significance (Table 2) .
Ninety patients (20.3%) revealed severe steno-occlusive atherosclerotic disease of the iliofemoral arteries, which provided valid information about safe percutaneous vascular access in the case of mechanical circulatory support, which was needed in 33 patients (7.4%). Severe atherosclerotic steno-occlusion of the neck vessels was identified in 70 patients (15.8%). The patients were consulted with a neurologist to evaluate perioperative neurological risk, and additional examinations, such as Diamox single positron emission computed tomography (CT) (n = 8), brain magnetic resonance imaging and angiography (n = 2) and Doppler sonography (n = 1), were performed. One patient underwent percutaneous stent insertion for the right internal carotid artery before CABG. Atherosclerotic calcification of the ascending aorta was identified in 66 patients (14.9%): 64 patients underwent an aortic off-pump CABG to avoid manipulation of atherosclerotic aorta, and 2 patients having haemodynamic instability underwent on-pump beating CABG using the left ITA-based composite graft. Five patients (1.1%) revealed significant stenosis of the proximal left subclavian artery, which required percutaneous vascular stent insertion preoperatively to ensure sufficient flow of the left ITA graft for revascularization. Concomitant operations for IFs with significance were performed in 4 patients (0.9%): excision of a thymic cyst (n = 2), cholecystectomy for acute cholecystitis (n = 1) and open-lung biopsy for interstitial lung disease (n = 1). Staged operations or intervention of IFs after CABG were performed in 5 patients (1.1%): percutaneous transluminal angioplasty of iliofemoral arteries for symptomatic lower limb ischaemia (n = 2), lobectomy for lung cancer (n = 1), inguinal hernia repair (n = 1) and endovascular repair of abdominal aortic aneurysm (n = 1). A multivariable analysis revealed that advanced age, chronic renal failure, history of acute myocardial infarction (MI < _30 days) and left ventricular dysfunction were significant predisposing factors for IFs with significance (Table 3 ).
An additional usefulness of MDCT angiography was evaluation of ITA and the iliofemoral artery in patients whose ITA was not evaluated during coronary angiography (n = 119; 26.9%) and who received a perioperative intra-aortic balloon pump (n = 31; 7.0%) or extracorporeal membrane oxygenation therapy (n = 2; 0.5%), respectively.
Two patients (0.5%) were suspected of developing contrast medium-induced nephropathy and required temporary renal replacement therapy.
DISCUSSION
The present study demonstrated 3 primary findings. First, preoperative thoraco-abdominal MDCT angiography revealed IFs with clinical significance in 47.0% of patients undergoing isolated CABG. Second, advanced age, chronic renal failure, history of acute MI (< _30 days) and left ventricular dysfunction were identified as predisposing factors for IFs with significance. Third, an additional usefulness of MDCT angiography was evaluation of the left ITA and the iliofemoral artery in CABG patients whose ITA was not evaluated during coronary angiography and who received perioperative mechanical circulatory support, respectively. MDCT angiography, which is currently accepted as a valuable non-invasive evaluation method for the cardiovascular system, may additionally reveal clinically significant IFs [3] [4] [5] [6] [7] [8] . Previous studies demonstrated that the prevalence of IFs on chest CT was 23.9% in 589 patients with a suspected pulmonary embolism and 44.8% in 395 patients with acute chest pain [7, 8] . The prevalence of IFs has been reported to be increased when a large extent of CT was performed: 48.8% of 207 patients who underwent CT angiography from the thoracic inlet to the inguinal region for planning transcatheter aortic valve implantation [6] , 50.0% of 284 patients who underwent CT angiography from the mandible to the feet for planning CABG [4] and 94.9% of 564 patients who underwent CT angiography from the mandible to the iliofemoral bifurcation for planning transcatheter aortic valve implantation, including 24.6% of potentially malignant IFs [5] . We have performed MDCT angiography to evaluate atherosclerotic burden on the aorta and its major branches because atherosclerotic disease of the ascending aorta and the extracranial cerebral artery may increase the risk of perioperative neurological complications in patients undergoing CABG [9] [10] [11] [12] . The present CT evaluation study included the iliofemoral vessels, which are the most common vascular access sites for a peripheral mechanical circulatory device in CABG patients. In the present study, 47.0% of 443 CABG patients had 292 IFs with clinical significance. Atherosclerosis was the most common IF (231 atherosclerotic IFs in 176 patients), including severe steno-occlusive disease of the iliofemoral arteries (90 patients, 20.3%) and neck vessels (70 patients, 15.8%), heavy calcification of the ascending aorta (66 patients, 14.9%) and significant stenosis of the proximal left subclavian artery (5 patients, 1.1%). IFs of a heavily calcified ascending aorta affected the surgical procedure in our CABG patients by performing an anaortic off-pump CABG to avoid ascending aorta manipulation if possible. Although thoraco-abdominal MDCT angiography is useful for identifying ascending aortic atherosclerotic calcification and significant stenosis of the proximal left subclavian artery, the efficacy of routine preoperative CT evaluation in CABG patients is not yet justified. In one previous study, multivariable analysis identified aortic stenosis as a predictor of ascending aortic calcification for prevention of stroke in cardiac surgical patients undergoing routine chest CT [13] . Multivariable analysis of the present study demonstrated that advanced age, chronic renal failure, recent history of MI (< _30 days) and left ventricular dysfunction were predisposing factors for IFs with significance.
An additional usefulness of MDCT angiography in CABG patients included evaluation of ITA and iliofemoral vessels. Evaluation of left ITA and left subclavian artery is important because current guidelines strongly recommend revascularization using left ITA when bypass of the left anterior descending coronary artery is indicated [14, 15] . The left subclavian artery stenosis might not be recognized preoperatively if cardiologists missed the presence of stenosis and performed selective left ITA angiography instead of left subclavian artery angiography. One previous study from our group demonstrated that the prevalence of significant left subclavian artery stenosis was 2.5% in 1498 patients who underwent isolated CABG between 1998 and 2007, and 1.3% of patients needing percutaneous transluminal angioplasty of the left subclavian artery perioperatively [16] . The present study demonstrated that 26.9% of patients were referred from cardiologists without evaluation of ITA, and 1.1% of them underwent percutaneous transluminal angioplasty of the left subclavian artery before CABG. The status of iliofemoral vessels also deserves to be evaluated in CABG patients who have a relatively high chance of receiving perioperative peripheral mechanical circulatory support, such as intra-aortic balloon pump or extracorporeal membrane oxygenation therapy. Atherosclerotic steno-occlusive or tortuous iliofemoral vessels were avoided as an insertion site for mechanical circulatory support.
A potential hazard, such as contrast medium-induced nephropathy, should be considered while performing MDCT angiography. In the present study, patients were managed by hydration and the use of N-acetylcysteine to reduce the incidence of contrast medium-induced nephropathy, and patients with renal dysfunction were managed in cooperation with the nephrologists.
Limitations
There are limitations to the present study that must be recognized. First, the present study was a retrospective observational study in a single institution. Second, no data were available for comparison of results between patients with thoraco-abdominal MDCT angiography with those without MDCT angiography. Impact on operative strategy, cost-effectiveness, potential radiation hazard and contrast medium-induced nephropathy were not compared because almost all CABG patients at our institution underwent preoperative MDCT angiography evaluation during the study period.
CONCLUSION
In conclusion, almost half of the patients demonstrated IFs with significance, and one-third of the patients showed IFs with significance affecting perioperative management in this study. Considering the high prevalence of IFs with significance and their clinical usefulness in patient perioperative management, thoracoabdominal MDCT angiography may be a useful preoperative evaluation in CABG patients, especially in patients with advanced age, chronic renal failure, history of acute MI (< _30 days) and left ventricular dysfunction.
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